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Abstract: Energy is essential for the nature of life and the development of countries. The main 
demand for the 21st century is to fulfll growing energy needs. Pakistan, through the use of fossil fuels, 
meets energy demands. There is pressure on the economy of the country due to the massive reliance 
on fossil fuels, and this tendency is infuenced by various environmental impacts. To overcome 
the burden on fossil fuels, more attention has been drawn to provide fossil fuel substitution. Tire 
pyrolysis is among the effective substitutes of the fuel technology that generates useful products 
of liquid oil, char, and pyro gas. This research focuses on the environmental, social, and economic 
viability of tire pyrolysis oil in Pakistan. This study estimates the production and potential of tire 
pyrolysis oil (TPO) in Pakistan. Based on the calculations, the potential of tire pyrolysis oil production 
in Pakistan from 2015–2019 is 468,081 to 548,406 tons. The potential production of TPO in 2018–2019 
was ~8.30% of the total import (6.6 million tons) of crude oil. Therefore, tire pyrolysis oil is considered 
an alternative fuel representing an economic and environmentally viability solution for Pakistan. 
Keywords: sustainable environment; renewable; waste to energy; alternative fuel; tire pyrolysis oil 
and climate change 
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Economic development requires valuable input from all areas to expand. The key 
demand of the 21st century is to cope with the rising energy demands [1–3]. Pakistan is 
the world’s ffth most populated country, its energy demand and population are rising 
every day, too. Pakistan’s 2010 population was 179,424,641, which rose to 220,892,340 in 
2020 and is expected to cross 24.22 million in 2025 [4]. Due to the growing population, 
Pakistan needs a massive supply of energy to maintain normal things, but this country is 
unable to meet its energy demand [5]. Conventional fuels, i.e., oil, natural gas, and coal, 
are currently 63% of Pakistan’s total energy supply, followed by hydroelectric power (26%), 
nuclear power (3%), and renewable energy (8%). The transport sector is the largest user of 
oil/petroleum products, hitting 76% in 2018–2019 [6]. Total petroleum products production 
in 2010–2011 was 8,911,000 tons, increasing to 12,929,000 tons in 2017–2018, and the total 
petroleum products imports in 2010–2011 were 12,371,000 tons, increasing to 13,344,000 
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tons in 2017–2018 as shown in Figure 1. The shortage of petroleum products is covered by 
the import of petroleum products [6]. 
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gas, CNG) for transport in 2010–2011 was 113,055 mm cft, which decreased to 70,455 mm 
cft in 2017–2018 [6]. Problems with energy crises not only disturb the livings of people but 
also disrupt Pakistan’s economic development. The recent part of renewable energy to the 
overall contribution of the country’s energy is insufficient [7]. Pakistan is meeting energy 
demands through the use of fossil fuels [8]. With the high dependency on fossil fuels, there 
is pressure on the economy of the country, and this pattern is also affected by many envi-
ronmental impacts [9,10]. Pakistan has faced energy shortages that have forced the closure 
of many factories. The amount of CO2 emissions from the industry has also decreased, 
however, due to the growing trend of cars, there is an increasing trend in the amount of 
CO2 emissions [11–13]. The CO2 emissions in Pakistan were 132,805 ktons in 2005, which 
rose to 174,843 ktons in 2015 [14]. 
To overcome these problems, sustainable, secure, and pollution-free energy sources 
must be used at the same time which could combine social and economic development 
with environmental protection [15–17]. Tire pyrolysis oil (TPO) is among the effective sub-
stitute fuel technologies, and it is used to produced useful products of tire pyrolysis oil, 
char, and pyro gas [18]. Tire pyrolysis oil, derived from waste automotive tires, was tested 
and compared with petroleum products and it could also be used in the compression-
ignition engine [19]. Converting tire waste into fuel would not only minimize the issues 
of waste disposal, but it could also lower the burden on fossil fuels and could be an ideal 
substitute for renewable fuel [20]. The annual production of tires worldwide is 1.5 billion, 
which become end-of-life tires after a particular period of time [21]. It is currently esti-
mated that approximately 4 billion waste tires are in stock and landfills, worldwide [22]. 
One billion waste tires can generate 5.26 million tons of tire pyrolysis oil [18]. 
This study includes a review of the current potential and scenario of waste tire 














































Figure 1. Total production and imports of petroleum products in Pakistan from 2010 to 2018 [6]. 
Similarly, in 2010–2011, oil/petroleum consumption for transport was 8,892,268 tons, 
which increased to 16,047,392 tons in 2017–2018 but the use of gas (compressed natural 
gas, CNG) for transport in 2010–2011 was 113,055 mm cft, which decreased to 70,455 mm 
cft in 2017–2018 [6]. Problems with energy crises not only disturb the livings of people 
but also disrupt Pakistan’s economic development. The recent part of renewable energy 
to the overall contribution of the country’s energy is insuffcient [7]. Pakistan is meeting 
energy demands through the use of fossil fuels [8]. With the high dependency on fossil 
fuels, there is pressure on the economy of the country, and this pattern is also affected by 
many environmental impacts [9,10]. Pakistan has faced energy shortages that have forced 
the closure of many factories. The amount of CO2 emissions from the industry has also 
decreased, however, due to the growing trend of cars, there is an increasing trend in the 
amount of CO2 emissions [11–13]. The CO2 emissions in Pakistan were 132,805 ktons in 
2005, which rose to 174,843 ktons in 2015 [14]. 
To overcome these problems, sustainable, secure, and pollution-free energy sources 
must be used at the same time which could combine social and economic development with 
environmental protection [15–17]. Tire pyrolysis il (TPO) is am ng the effective substitute 
fuel techno ogies, and it is used to roduced useful products of tir  pyroly is oil, char, 
and pyro gas [18]. Tire pyrolysis il, deriv from waste automo v tires, wa tested and 
compared with petroleum products and it c uld al o be used in the compression-ignition 
engine [19]. Converting ti e waste i to fuel would not only minimize the is ues of waste 
disposal, but it could also lower th  burden on f ssil fuels and could be an ideal substitute 
for renewa le fuel [20]. The annual producti f t res worldwide is 1.5 billion, which 
b c me end-of-life tires after a particula period of time [21]. It is currently estimated that 
approximately 4 billion waste tires are in stock and landflls, worldwide [22]. One billion 
w ste ti es can generate 5.26 million tons of tire pyrolysis oil [18]. 
This study includes  review of the current potential and scenario of waste tire py-
rolysis oil for Pakistan. The study includes the energy scenario, consumption of oil in the 
transport sector, and the share of thermal a d renewable energy sources as well as CO2 
emissions in Pakistan. Subsequently, the tire pyrolysis oil (TPO), the historical background 
of the annual production of new and waste tires, some trending techniques to use waste 
tires, the contribution of waste tires for different countries, manufacturing components 
of tires, and the fnal product of pyrolysis of waste tires are discussed. The properties of 
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TPO and the comparison between TPO oil and other fuels such as diesel and bio-oil have 
been mentioned. The legislative system for waste tire management and three models for 
the waste management tires adopted by several countries are presented in the study. The 
available feedstock for the production of TPO, the potential of TPO in Pakistan is calculated 
based on all collective data. Moreover, the comparison of the production of TPO in Pakistan 
with other countries and highlighting the proposed strategy that includes a brief case study 
of the current oil reservoir, a comparison of TPO with diesel, different applications of TPO, 
and different techniques and sources adopted by Pakistan to meet its energy demands 
have been discussed in detail. The policy implications and future directions that highlight 
the importance of TPO in economic growth as well as in the energy sector and the SWOT 
analysis that shows all the strengths, weaknesses, opportunities, and threats relating to 
the TPO have been discussed. Finally, the study includes the total production of TPO in 
Pakistan and its impacts on oil imports and TPO contribution to the fulflment of energy 
demand. Furthermore, this study can be taken as a case study for developing countries. 
2. Tire Pyrolysis Oil 
The worldwide yearly production of tires is 1.5 billion which will become end-of-life 
tires after the specifc time [21]. Around 3.3 million tons of used tires were treated in an 
environmentally sound way in 2010. This refects a 2% rise relative to 2009. After setting 
out the data of the tires that are going to be reused, approximately 2.7 million tons of 
end-of-life tires (ELTs) were remaining for treating [21]. About 0.1 million tons of tires are 
used in power plants and co-incineration each year. The material recovery used 0.1 million 
tons of tires which include the rubberized fooring for sports, blocks for paving, as a roofng 
material, and to make a playground. A signifcant quantity of end-of-life tires is used in 
many civil engineering applications such as 0.24 million tons for embankments, roads, and 
rail foundations [21]. 
Energy is an important aspect of any society and is crucial to enhancing society’s social 
and economic quality of living [23–25]. Over time, human beings, via wood to nuclear 
energy, have used diverse kinds of energy sources [26]. The energy sector has been the 
major contributor to the emissions of greenhouse gases (GHG). The most vulnerable of 
these GHG emissions is the release of CO2 into the environment from the consumption 
of non-renewable energy (fossil fuels) [27–29]. Their replacement is required to tackle the 
challenges of energy demand and greenhouse gases. The end-of-life tires can be used for 
fuel production to meet the fuel demand [30]. An alternative liquid fuel obtained from 
tires named tire pyrolysis oil has similar physicochemical properties to diesel fuel. The 
large-scale production of TPOs will become sustainable because there is a huge amount of 
feedstock (waste tires) available in the world, which increases by ~2% per annum [31]. Tire 
pyrolysis oil derived from waste automotive tires was tested and compared with petroleum 
products and found that it can also be used as a compression-ignition engine [19]. 
Williams et al. [32] investigate that car tires were pyrolyzed into a pyrolysis unit of the 
one-ton batch to generate oil, char, and gas. Properties such as calorifc value, elemental 
analysis, nitrogen, and sulfur were analyzed in the derived fuel. To burn the oil, an 18.3 kW 
ceramic-lined, oil-fred, spray burner furnace having an internal diameter of 0.5 m and 
1.6 m in length was used. The oil contained sulfur and nitrogen by wt% of 1.4 and 0.45 
respectively, and fuel properties close to diesel fuel. It is also reported that due to the 
higher sulfur and nitrogen content in the tire oil, the NOx and SO2 emissions were higher 
for tire pyrolysis oil while comparing to diesel fuel. According to M.F. Laresgoiti et al. [33], 
2 to 3 cm wide cross-sections of complete car tires were pyrolyzed underneath nitrogen 
in a 3.5 dm3 autoclave at a temperature of 300, 400, 500, 600, and 700 ◦C approximately 
38% liquid and 17% gases yield was obtained. It was also seen that there was no effect on 
liquids and gas yields at a temperature of over 500 ◦C. 
Mustafa Karagöz et al. [34] performed a study in which various percentages (0, 10, 
30, and 50%) of waste tire oil combine with clean diesel. Tests were performed on various 
engine loads of 3, 6, 9, and 12 Nm in a single-cylinder diesel engine at a constant engine 
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speed of 2000 rpm. It was noted that the heating value of tire pyrolysis oil (TPO) is 
less as compared to diesel fuel (DF) and due to the lower cetane number of TPO higher 
ignition delay in TPO-DF blend. The oxygen and carbon wt.% of tire pyrolysis liquid is 
relatively close to the diesel fuel. On the behalf of general measurements, tire pyrolysis 
oil with diesel blends can be used as an alternative fuel in compression ignition engines. 
Moreover, for the future, the authors proposed that ternary blends of TPO-DF with other 
fuels will produce more feasible results. They also proposed that adding biodiesel and 
some nanoparticles in the TPO-DF blend would enhance oxygen wt.% in blends and could 
improve the combustion quality and reduce the emissions. 
Murugan et al. [19] revealed that crude TPO has a higher sulfur and viscosity content. 
After the desulfurization and distillation of crude TPO, its properties become similar to 
petroleum fuels and can be used in compression-ignition engines as fuel. According to Ali 
Alsaleh and Melanie L. Sattler [35], the heating value of tire pyrolysis oil is about 40 MJ/kg 
and can be easily used in diesel engines and furnaces. Valuable chemicals such as aromatic 
and olefns for petrochemical industries can be obtained from pyrolysis oil. Moreover, gases 
produced from the pyrolysis of waste tires, such as hydrogen, can be used for the pyrolysis 
process as fuel. Currently, due to the rising populations and industries, energy decline and 
environmental catastrophes are the main issues [36]. The discovery of feasible alternative 
fuels is required to address fossil fuel depletion [37]. Waste tire disposal is a major problem 
around the world, with landflls and stockpiles posing a serious environmental risk [38]. 
With the large quantities of used tires produced annually and without a proper 
disposal strategy, converting the used tires into TPO is an attractive way of approaching 
the waste tire problem [39]. The reuse of waste tires by pyrolysis is a good option for 
eliminating waste from the atmosphere and securing high-energy items such as pyrolysis 
fuel, gas, and coal [40,41]. It is noted that tire pyrolysis is an effective and sustainable 
method, provides neat production that is economically feasible, and a possible solution 
regarding waste tire handling [42]. A combination of several compounds is used in the 
design of the tires which includes rubber 60–65 wt.%, carbon black 25–35 wt.%, fller 3 wt.%, 
and also accelerators [35]. A rise in the gross domestic product (GDP) of the country also 
stimulates the supply and demand of vehicle and tire substitutes for safety concerns. The 
end-of-life tire extension is not majorly considering this trend [43]. 
A tire pyrolysis plant is a proftable project and it depends on various factors, in-
cluding product quality, production effciency, and the overall cost of production, capital 
investment, and tipping fees. The decision for a waste management company to provide 
energy and materials for a tire depolymerization plant would depend on whether the 
cost of the pyrolysis process is less than that of incineration [44]. The 1.5 billion tires are 
generated globally and can be used to producing useful products of oil, char, and gas. 
Fixed-bed (batch), rotary kiln, vacuum, screw kiln, and fuidized bed are the most famous 
reactors that are used. The composition of gas and oil of TPO is mainly depending on 
which type of reactor is used, for which the heating rate and temperature are determined, 
as well as operating temperatures and residence time of feedstock in the reactor also af-
fect the properties and composition of TPO. Tire pyrolysis oil is very complex chemically 
(aliphatic, aromatic, hetero-atomic, and polar fractions). Examples of commercial and 
semi-commercial tire pyrolysis systems demonstrate that small-batch reactors and contin-
uous rotating kiln reactors have been commercially produced [45]. The advantages and 
disadvantages of the tire pyrolysis process are given in Table 1. 
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Table 1. Advantages and disadvantages of the tire pyrolysis process. 
Advantages Disadvantages 
Pyrolysis is a method that can help to resolve Because of the absence of an established oil 
the waste management practices from market and, in particular, for pyrolytic carbon 
insuffcient places [46]. black products, scrap pyrolysis has been 
uneconomic [47]. 
Tire pyrolysis is an effective and sustainable CO, HC, SO2, and smoke emissions were 
method, provides neat production that is considerably higher in the blends with TPO 
economically feasible and the fnest solution 50 wt.% and 75 wt.% [48]. 
regarding waste tire handling [42]. 
The fuel properties of the TPO-diesel blend Incompetent waste pyrolysis plants may fail to 
indicate its potential viability and the fnest meet environmental emission requirements, 
replacement of fossil fuels [46]. resulting in contamination of the air and 
soil [49]. 
After desulfurization and distillation, its 
properties become similar to diesel fuel which 
can be used in passenger cars and vans [50]. 
Since pyrolysis plants do not emit poisonous or 
greenhouse gases, they would not contribute to 
the spread of respiratory diseases or climate 
shifts in the region’s cities [42]. 
As the plant produces energy, can help to meet 
the energy demand of the nearby cities [42] 
Recent statistical data on the production of tires in Europe reveals the diffculty of the 
market is recovering from the results of the fnancial crisis. More specifcally, despite the 
sharp increase in tire production in 2010 (26% growth compared to 2009), the maximum 
production of all time has not been overcome (more than 5.1 million tons of tires were 
produced in 2007) [51]. Moreover, according to the report of European tire and rubber 
industry (ETRMA) statistics edition 2019, the production of tires in Europe from 2010 
to 2018 was about 4.5 to 5.1 million metric tons [52]. Approximately 60% of worldwide 
production in Asia and Oceania [53]. Conversely, each year, Japan disposes of one million 
tons of tires, while in 2010, China produced 5.2 million tons of tires, making it one of 
the largest countries with used tires production [54,55]. With the rapid growth of the 
automotive sector and higher living standards in China, the number of automobiles is 
growing rapidly and China faces the environmental issue related to waste tire disposal. 
As per the World Health Organization (WHO) statistics, globally the amount of waste 
tires storage has reached 3 billion which is growing annually [56]. Countries like China, 
Japan, India, the European Union countries, and the United States of America accounted for 
a total of 88% of the production of waste tires [57]. This work compiles and summarizes the 
pneumatic recycling strategies widely accessible, paying particular attention to pyrolysis 
as a promising alternative to the need to accomplish a more sustainable energy scenario as 
fuel [58]. The step-wise diagram of waste tires to the fnal product is shown in Figure 2. 
Furthermore, the mass and energy balance of pyrolysis is illustrated in Figure 3 [59]. 
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3. P opertie of Tire Pyrolysis Oil 
The petrol um-ba ed fuel (diesel) is com arable with tire pyro ysis oils. Fuels are 
id ifed w th certain basic properties. Phys l and che ica  propert es mainly defne 
density, chemical composition, and ther al ability. Par meters such as fashpoint of 
fuel, the viscosity of fuel, the residue of carbon, and sulfur content are related to fuel 
ignition in engin s as well as burners. When the density of t  fuel is high, it affects the 
ngine performance and emissions f gases such as carbon monoxide (CO) as well as 
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carbon dioxide (CO2). Viscosity induces an ignition pause. Low viscosity fuel is ideal and 
contributes to improved pumps and also engine effciency [60]. The properties of bio-oil 
can be somewhat similar to diesel that can be seen as an alternative energy source either 
fully loaded or diesel-mixed. However, these fuels also have some issues that may impact 
combustion, engine effciency, and emission. 
The properties of distilled TPO compared with diesel fuel and crude TPO are illus-
trated in Table 2 and it is measured using different ASTM (American Society for Testing and 
Materials) standards. While the wt% of carbon is 85.67% for crude TPO, after distillation 
it is about 87%, the same level as diesel fuel. The nitrogen level is 1.36%, comparatively 
greater than that of diesel fuel, leading to the unfavorable NOx output. Three steps are 
used to exclude the impurities from crude TPO and improve its quality. The frst step 
removal of the moisture in which the raw TPO is heated for a certain time at 100 ◦C in 
a cylindrical vessel. In the second step, desulfurization to remove the carbon and sulfur 
content from the TPO, 8% of the hydro-sulfuric acid is mixed with crude TPO and stirred 
well. The mixture is kept up to 40 h approximately. After that, two layers named thin 
and thick layers are found in the mixture, the thick layer is discarded as sludge while the 
thin layer is collected for vacuum distillation. Around 61.6% of sulfur gets removed from 
this process [18]. Then, some remaining particles in the TPO get removed by the fltration 
method by using a fabric flter; the effciency of the fltration method is about 99% [61]. 
Table 2. Comparison of physicochemical properties of tire pyrolysis oil (TPO) and diesel fuel [18]. 
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Desulfurization, as well as hydrotreating methods, are used to improve pyrolytic 
oil owing to the higher content of sulfur and water [62]. The reactor is a predominant 
component of the pyrolysis process. A broad variety of reactors are used to examine 
the difference in pyrolysis products [60]. Each reactor has its unique properties, include 
temperature, heating rate, and residence time that infuence the physicochemical properties 
and products of pyrolysis [35]. Fixed-bed (batch), rotary kiln, vacuum, screw kiln, and 
fuidized-bed have the most famous reactors that are used. The composition of gas and 
oil is mainly dependent on which type of reactor is used, by which the heating rate and 
temperature are determined [45]. The TPO yield is greater for truck tires compared to 
motorcycle tires and passenger car tires, since the mass percentage of volatiles for truck 
tires is between 65 and 66% [63,64], compared to 58.2% [64] and 57.5% [65] for passenger 
cars and motorcycle tires respectively. 
4. Legislative Systems for Waste Tire Management 
Proper and developed legislation is always a driving force for admissible waste tire 
management. Three legislations were proposed by the waste tire management of the 
European Union. The frst legislation was made in 1999 as the Directives of Landfll of 
waste 1000/31/EC and it was about the prohibition of the land fling of stockpiles of whole 
tires and shredded tires from July 2003 and from July 2006, respectively. The second was 
named the Directive of End life of Vehicle 2000/57/EC, it was about the recycling of the 
waste tires instead of demolition of removed vehicle tires. The third legislation was about 
reducing the 90% emissions of dioxins from the energy recovery and material recycling of 
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waste tires by 2005 [55,66]. There are three different models discussed in the literature on 
the waste management of tires and adopted by many countries. The main points of these 
models are discussed in Table 3 [67]. 
Table 3. Tires waste management models by different countries [67]. 
Extended Producer Free Market System Tax System Responsibilities (EPR) 
The end life of tire products is 
the responsibility of the The last owner is responsible Government is responsible for producer as long as the for the disposal and recovery the collection of waste tires. identifcation of its new brand of waste tires. 
owner is not cleared. 
The EPR’s purpose to relieve The companies are free to hire Consumer or producer is the local government from the the collector of the waste tires bounded to pay tax to the disposal of the waste and the under the legislation. government.fnancial burdens. 
It motivates the companies to Austria, Germany, Ireland, The states are not bounded to 
make such a product that can Switzerland, and the United work with the federal 
be reused and recycled. Kingdom adopt this system. government. 
The monitoring, performance, The government can hold tax and development of the Australia and most states of on tire sales and this tax is framework of the EPR is the the United States also adopt spent on the management of responsibility of the this system. waste tires. environmental authorities. 
France, Greece, Brazil, Turkey, Denmark, Latvia, Slovakia, Israel, some provinces of many provinces of Canada, Canada, South Africa, and and most states of the United also some other countries States adopt this. adopt this. 
Greece utilized the producer responsibility for properly managing the end life tires 
(ELTs) to attractive and better handling of used tires. It is diffcult to collect used tires, so 
the joint alternative management system (JAMS) places a special fee for different categories 
of tires to accommodate their waste management expense. For tires whose nominal rim di-
ameter greater than 55.12 inches, no price has been fxed for them. The only fnancial source 
of the system depends on the fees collected by JAMS from importers and retailers after 
every 3 months. Additionally, the tires imported and produced are also considered [44]. 
5. Energy and Material Recovery from Waste Tires 
The manufacturing of tires involving more than 100 various types of materials [68]. 
The composition of various types of tires differs from one another due to the desired 
properties. Tire rubber mainly contains a mixture of two or three rubbers including natural 
rubber (NR) and synthetic rubber (SR) [44]. The used tire composition of different types of 
tires can be seen in Table 4. In the chemical composition of the tire rubber, acetone (15.5%), 
ash content (6.0%), and hydrocarbon rubber (49.0%) are also included [69]. Tire pyrolysis is 
a complicated process due to the complex interaction of a single compound and a large 
proportion of chemicals reactions. Furthermore, ELTs are a high calorifc waste and can 
therefore be used as feedstock in pyrolysis plants for the production of energy and carbon 
materials as well as used as an alternative fuel in cement kilns. A broad variety of materials 
such as fbres, steel, oils, carbon fller, and shredders may also be retrieved, apart from 
producing energy and carbon materials through pyrolysis [44]. 
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Table 4. The composition of waste tires from different regions of the world [70,71]. 





Other Products (Accelerators, 
Antiozonants, Fillers, Fibres, etc.) 
Biomass 
(ASTM D6866) 
Passenger car tire 
in USA 27 14 28 14–15 16–17 
Truck tire in USA 14 27 28 14–15 16–17 
Passenger Car tire 
in Europe 23 22 28 13 14 17–20.3 
Truck tire in Europe 15 30 20 25 10 28.6–29.7 
No large-scale pyrolysis plants exist in Greece, although small research plants are 
available in laboratories to study energy and carbon production materials and their prop-
erties [72]. In Table 5, the substantially higher calorifc values of some ordinary solid 
industrial fuels such as bituminous coal (32–36.3) and lignite coal (11.7–15.8) can be seen. 
Table 5. Calorifc values of ordinary solid fuels used in different industries [72,73]. 
Fuels Calorifc Value (MJ/kg) 
Bituminous coal 32–36.3 
Lignite coal 11.7–15.8 
Pet coke 32.0–36 
Rubber derivative 36–40 
Subbituminous coal 29–30.7 
6. Tires in Pakistan 
6.1. Methodology 
The work is fnalized with the estimation of available feedstock and the potential 
of TPO production in Pakistan. First of all, various classifcations of vehicle tires are cut 
into different pieces and the bead, steel wires, and fabrics are removed. The tire chips 
are washed, dried, and placed in a mild steel fxed bed reactor unit [18]. In the reactor, 
the feedstock is heated externally without oxygen by supplying some heat source. The 
cylindrical reactor is an insulated chamber with an inner diameter of 110 mm, an outer 
diameter of 115 mm, and a height of 300 mm. The reactor is supplied with 2 kW of power 
for external heating and the temperature controller is used to regulate the temperature. 
At 450–650 ◦C, the heating rate is kept at 5 K/min and reactor retention time is 120 min. 
During the process, vapour products moved in the water-cooled condenser and accumu-
lated condensed liquid as fuel. Tire pyrolysis oil (TPO), pyro gas, and char products are 
obtained and 1.9 kg of feedstock is produced 1 kg TPO [18]. The heat energy needed per kg 
of TPO production is approximately 6 MJ/kg [74]. The outcome (%) of pyrolysis products 
are TPO (55%), char (34%), pyro gas (10%), and moisture (1%). 
The waste tires disposed of in the country are used for the production of TPO as 
a feedstock. The detailed information was found in the annual report of the Pakistan 
economy survey year 2019–2020 [75]. As per the data in the Pakistan economy survey 
report, the number of tires was calculated by considering on-road vehicles [75]. Tires are 
discarded after 4 to 5 years [76] which will be considered as waste tires and these tires are 
used to produce pyrolysis oil. 
6.2. Tires Produced and Imported in Pakistan 
In Pakistan, a wide variety of tires are sold including, trucks, passenger cars, vans, 
agriculture, motorcycles, industrial machines, three-wheel tires, and tractors. Based on 
approximation, the domestic tire industry of Pakistan has valued PKR 120 billion (Pakistan 
Rupees). Domestic manufacturers account for 30% of the market while the remaining 
70% is completed through imports. The major portion of imports is of European and 
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Asian brands, imported through the Middle East, China, and East Asia. Smuggled tires 
have captured the majority of the market imported via Afghanistan and China [77]. The 
data of manufacturing of vehicles published by the Pakistan Automotive Manufacturing 
Association (PAMA) are used to estimate the manufactured tires. The number of annually 
manufactured tires from 2007 to 2018 is shown in Figure 4 [78]. 
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Figure 4. The manufacturing of tires/ye r in Pakistan [78]. 
In Pakistan, for 2017–2018, 2-wheeler tires account for 69.743% of the total 5.317924 
million tires produced and bus tires account for the lowest percentage of manufactured tires. 
In 2017–2018, bus tires account for 0.09059% of the total 5.317924 million tires manufactured 
in Pakistan [78]. Despite the different types of tires made in Pakistan, each kind of tire 
has the same chemical composition. Therefore, the liquid fuel produced by the chemical 
composition or pyrolysis of various kinds of tires does not show a noteworthy difference. 
Tire pyrolysis oil yield for a truck tire is much more than that of 2-wheeler tires and 
passenger car tires, therefore truck tires contain a greater number of volatiles compounds 
as compared to 2-wheeler tires and passenger car tires. Truck tires contain a mass percent 
of volatiles between 65% to 66% [63,64] while motorcycle and passenger car tires contain 
mass percent of volatiles 57.5% [65] and 58.2% [64], respectively. The tires imported in 
Pakistan are presented in Figure 5 from calendar year (CY) 14 to 18. 
6.3. Tires Exported and the Assembled 
In Pakistan, the tires exported to the calendar year (CY) 14–18 are in the range of 
5445 to 7417 thousand, as presented in Figure 5. The information was collected from the 
annual statistical report of the tires sector published by the Pakistan Credit Rating Agency 
(PACRA) on Oct 19. The decline in 2018 was due to a drop in the import and export of 
that year [79]. In 2018–2019, 7,470,800 motor cars and 291,200 trucks were recorded on the 
road as shown in Table 6. Similarly, the number of various categories of vehicles recorded 
on the road from 2015–2019 are listed in Table 6. This information was collected from the 
report of the Pakistan economy survey (PES) year 2019–2020. Figure 6 indicates that the 
number of on-road vehicles in 2015–2016 was 15,568,800 which is increased to 25,238,700 in 
2018–2019. The number of tires was calculated based on these vehicles, shown in Table 7. 
Table 7 specify the number of various categories of tires that is growing per year, such as 
motor car tires and trucks tires in 2015–2016 which were 24,526,800 and 3,165,600, and 
increased to 29,883,200 and 3,494,400 in 2018–2019. 
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In terms of the exportation of tires, Pakistan is 68th of the world’s major exporting 
countries [79]. Figure 5 shows that from CY 14–17 the import and export of tires increased 
but in CY-18 it decreased by decreasing the exports and imports in that year. Figure 7 shows 
the total number of tires carried out through on-road vehicles from the year 2015–2019. 
In 2015–2016, these tires were 51 million which increased to 74 million in 2018–2019. These 
tires are rising every year, and the tendency to increase the tires depends on the increasing 
number of on-road vehicles. By increasing the on-road vehicles, the tires per annum also 
going to increase. 
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Figure 5. Pakistan’s import and export of tires from 2014 to 2018 (Pakistan Credit Rating Agency, 
PACRA) [79]. 
Table 6. On-road number of light commercial vehicles (LCVs) and heavy commercial vehicles 
(HCVs) [75]. 
Vehicle Type 2015–16 2016–17 2017–18 2018–19 
Light Commercial Vehicles (LCVs) 
Mcy/Scooter 6,669,300 11,975,300 14,060,900 14,623,300 
Motor Car 6,131,700 6,954,000 7,183,500 7,470,800 
M.Cab/Taxi 186,500 197,400 197,700 205,600 
Motor Rikshaw 118,100 122,000 128,100 133,200 
Van 191,400 204,200 210,100 218,500 
Pickup 166,300 176,400 187,200 194,700 
Jeep 54,200 69,600 80,000 83,200 
Station Wagon 192,000 201,900 206,600 214,900 
Heavy Commercial Vehicles (HCVs) 
Ambulance 3800 5700 6900 7200 
Buses 150,600 156,300 159,200 165,600 
Trucks 263,800 276,200 280,000 291,200 
Tractors 1,351,600 1,430,100 1,460,200 1,518,600 
Tankers (Oil and Water) 14,000 14,800 15,200 15,800 
Others 75,500 74,700 92,400 96,100 
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Figure 6. The total number of on-road vehicles [75]. 
Table 7. On-road light commercial vehicle (LCVs) and heavy commercial vehicles (HCVs) tires [75]. 
Vehicle Type 2015–16 2016–17 2017–18 2018–19 
Light Commercial Vehicles (LCVs) 
Mcy/Scooter 13,338,600 23,950,600 28,121,800 29,246,600 
Motor Car 24,526,800 27,816,000 28,734,000 29,883,200 
M.Cab/Taxi 746,000 789,600 790,800 822,400 
Motor Rikshaw 354,300 366,000 384,300 399,600 
Van 765,600 816,800 840,400 874,000 
Pickup 665,2 705,600 748,800 778,800 
Jeep 216,800 278,400 320,000 332,800 
Station Wagon 768,000 807,600 826,400 859,600 
Heavy Commercial Vehicles (HCVs) 
Ambulance 15,200 22,800 27,600 28,800 
Buses 903,600 937,800 955,200 993,600 
Trucks 3,165,600 3,314,400 3,360,000 3,494,400 
Tractors 5,406,400 5,720,400 5,840,800 6,074,400 
Tankers (Oil and Water) 168,000 177,600 182,400 189,600 
Others 302,000 298,800 369,600 384,400 
In Pakistan, the original equipment manufacturer (OEMs) and the replacement market 
(RM) are the local assemblers of bikes, cars, buses, trucks, and tractors. According to the 
report of the tire sector overview 2018, demand from OEMs constitutes about less than 
30% of the overall demand for tires, while the remaining demand is determined by the 
replacement market [80]. The demand in fscal year (FY) 19 from OEMs and RM based on 
different tires category is available in Figure 8 [79]. 
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commercial vehicles (HCVs) [75]. 
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6.4. Waste Tires Available in Pakistan 
The estimated feedstock in Pakistan per annum for TPO production is acquired from 
2015 to 2019 and is presented in Figure 9 with the range of 889 to 1042 milli n kg. The 
avail ble feedstock in Pakistan depends on the umber of r ad vehicles. As per t  on-road 
vehicles per annum Tabl  6 the tires are calculated by multiplying the number of tires by 
their respective vehicl s. The numb r of tires calculated shown in Table 7. Due to the 
running of these vehicles, t ir tires a e to b  discarded after 4 to 5 ye rs [76]. Thus, the tires 
assembled in the on-road vehicles in 2015–2016 ar  iscarded in th  year 2019. The annual 
number of waste tires h s been calculated, which is consider  as an available feedstock 
and sed for the production of TPO. The w ight of differe t tires is v ilable in Table 9. By 
considering the weight of res and some conversion factors, the number of tires converted 
into kilograms is sho n in Table 8. Furthermore, if the growth in on-road vehicles increases, 
the xpected feedstock potential for the coming years would also increase. 
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Figure 9. Total tires in kilograms including LCVs and HCVs. These are considered as feedstock after 
four years [75]. 
Table 8. Light commercial vehicle tires (LCVs) and heavy commercial vehicle tires (HCVs) in 
kilograms [75]. 
Vehicle Type 2015–16 2016–17 2017–18 2018–19 
Light Commercial Vehicles (LCVs) 
Mcy/Scooter 27,144,051 48,739,471 57,227,863 59,516,831 
Motor Car 171,687,600 194,712,000 201,138,000 209,182,400 
M.Cab/Taxi 5,222,000 5,527,200 5,535,600 5,756,800 
Motor Rikshaw 1,310,910 1,354,200 1,421,910 1,478,520 
Van 8,421,600 8,984,800 9,244,400 9,614,000 
Pickup 7,317,200 7,761,600 8,236,800 8,566,800 
Jeep 2,384,800 3,062,400 3,520,000 3,660,800 
Station Wagon 5,376,000 5,653,200 5,784,800 6,017,200 
Heavy Commercial Vehicles (HCVs) 
Ambulance 167,200 250,800 303,600 316,800 
Buses 47,439,000 49,234,500 50,148,000 52,164,000 
Trucks 166,194,000 174,006,000 176,400,000 183,456,000 
Tractors 435,755,840 461,064,240 470,768,480 489,596,640 
Tankers (Oil and Water) 8,820,000 9,324,000 9,576,000 9,954,000 
Others ,1 ,000 2,091,600 ,587,200 2, 90,800 
Table 9. Weight of different categories of vehicle tires in (kg). 
Types of Vehicles Tires Weight (kg) Reference 
Passenger Car 7 [81] 
Motorcycle 2-Wheeler 2.035 [82–84] 
3-Wheeler 3.7 [85] 
Farm tractors 80.  [86] 
LCVs and pickups 11 [81] 
Trucks 52.5 [81] 
Busses 52.  [81] 
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7. Potential Production of TPO in Pakistan 
In Pakistan, the statistical data of waste tires are not directly available. The category-
wise tires in kg/annum are shown in Table 8 and these tires could be considered as waste 
tires after four years. Approximately, all types of tires are reliable for 4 years from their date 
of manufacturing; after this date, the tires become expired [76], after expiry, the tires are 
discarded and replaced with the new ones. The estimated waste tire is 889 to 1042 million 
kg from 2015–2019 as shown in Figure 9. The effectiveness of this effort was made possible 
by the Pakistan economy survey [75]. The waste of tires increased per annum, due to an 
increase in on-road vehicles. In the future, the potential of TPO will increase if the increase 
in waste tires remains the same. 
In this study, the potential of TPO was calculated through tires of on-road vehicles. 
Due to the National Environmental Council (CONAMA) resolution 416 [87], 30% depletion 
in the mass of an unused tire was observed when it has reached its end life. 
The annual potential of TPO for Pakistan was obtained. The outcome of our data, 
acquired from 2015 to 2019 are presented in Table 10, this shows that there is no major 
difference in the TPO production for the year 2015–2019. The increase and decrease in 
the potential production of TPO depend on the available feedstock per year. By taking 
method of 1.9 kg of feedstock is used to produce 1 kg of tire pyrolysis oil, the estimated 
potential production of TPO was calculated. In the future, due to the growing population 
and massive dependency on vehicles, the waste of tires will increase, which increases 
the potential production of TPO. Unfortunately, the production of TPO and its utilization 
are less signifcant in Pakistan because the waste tires are disposed into landflls and in 
stockpiles. The government of Pakistan and other management institutions should pay 
attention to this and must adopt proper waste management systems, then huge production 
of TPO from waste tires could be possible. It is important to protect the environment and 
benefcial for the oil sector in the future as an alternative fuel. 
Table 10. The estimated potential of TPO annually [18,75]. 
Years Tire Pyrolysis Oil (kg) 
Tire Pyrolysis Oil 
(Tons) 


















The detailed analysis of the year 2018–2019 is estimated as shown in Table 11; the 
number of tires in 2015–2016 was 51.34 million which increased to 74.36 million in 2018– 
2019, which is increasing at an average rate of ~11% annually. If the tire rise remains the 
same, in 2030 it will hit a level of ~0.1 billion. The estimated total potential of TPO is 
0.548 million tons (MT). It is ~8.30% of the total import of crude oil. After the process of 
distillation, this potential reduces to 0.438 MT, which is called a purifed TPO. Because 80% 
of the TPO is distilled through the distillation process, while the remaining 20% of the TPO 
was left, they consisted of 5% and 15% pyro gas and sludge, respectively. Moreover, the 
import of crude oil in Pakistan in the year 2018–2019 was 6.6 MT with a value of 3.4 billion 
US$ [88]. However, the estimated cost of purifed TPO in this year was 0.85 billion USD$. 
Oil is a non-renewable fuel, and as its consumption has grown quite far, as a result 
its supplies are decreasing rapidly. The reserves to production ratio (R/P) should be 
increased, which will increase the TPO production, and not only this could reduce the 
growing shortage of oil but it will also increase the R/P ratios. It indicates the time when 
the stock will run out. The R/P ratio of the last twenty years of Pakistan is shown in 
Figure 10 [89]. As can be seen in Figure 10, Pakistan has discovered oil reserves over time, 
but oil consumption is increasing day by day. The R/P ratio naturally decreases over time 
until new reserves are discovered. There is no huge difference in the R/P ratio from the 
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year 2000 to 2019, and because of this, we should develop new alternative sources and TPO 
is one of them. 
Table 11. The fnal estimation of TPO from waste tires in Pakistan in 2018–2019. 
Description Quantity Reference 
Total no. of tires 74.36 million [75] 
Oil yield per tire 1.9 kg of feedstock is used to produce 1 kg of tire pyrolysis oil [18] 
Oil content (wt.%) 80% [18] 
Purifed tire oil 471.09 ML or 0.438 MT [18] 
Total oil production 588.86 ML or 0.548 MT [18] 
Total import of oil 6.6 MT [88] 
Total purifed oil cost 0.85 billion $ [88] 
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8. Pakistan and Other Countries 
The countries that are famous for their large waste tires recovery collection points 
are highlighted by global ELT management in their annual report [90]. Due to the lower 
production of TPO in Pakistan, collection points are not available, which is the main reason 
for the smaller signifcance of our country worldwide. These waste tires are disposed 
into landflls and in stockpiles, instead of recycling. If the management organizations 
of Pakistan take responsibility and adopt proper waste recycling systems, then huge 
production of TPO from waste tires could be possible. It could be very useful for the oil 
sector as an alternative fuel, and could also fulfll the energy demand. 
China is highlighted due to the large number of ELTs, the United States and India hold 
65% of the total ELTs. Although the USA and Brazil are at the world’s 2nd rank among ten 
countries that generate a massive quantity of waste tires annually, China, the United States 
and other countries like Japan, India, and Brazil generate a massive quantity of squander 
tires annually and they have recuperation rates of above 85%. The extended producer 
responsibilities (EPR) and free-market system help in higher recuperation. Moreover, EPR 
(66%) and free-market systems (28%) are implemented by many countries in Europe. While 
some other countries including Slovakia, Croatia, and Denmark apply a tax system [90,91]. 
Likewise, India and the United States have attained a recuperation rate of 98% and 
87% respectively, by applying the free-market system. On the other hand, Canada is a 
country that applies a hybrid system and has attained a recuperation rate of 111% based 
on the fundamentals demands at the federal level while nonproft organizations play an 
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important role in reusing policy and amounts charged to the purchase of new tires [90]. As 
per the Government of Pakistan (GOP), Pakistan produces solid waste of around 20 million 
tons per year and 71,000 tons per day, which has been growing at the rate of 2% yearly [92]. 
Further, the amount of waste rubber and tires generated by Pakistan is around 300 tons [93]. 
Regretfully, all this waste is being dumped on the surface of the Earth despite being recycled 
and used in the country [93]. In different cities, about 60–70% of solid waste is collected, in 
which the composition of plastic and rubber is 9% and 1%, respectively. The collection of 
waste is ensured by the Government of Pakistan and its subordinate institutions [92]. 
Most of the cement industries in Pakistan are facing a shortage of natural gas and rising 
coal prices [94], therefore substituted fuels are also being used [95] such as tire-derived 
fuel (TDF) from waste shredded tires and refuse-derived fuel (RDF). Moreover, these 
substituted fuels are attracting huge worldwide attention due to their reduced costs and 
carbon emission credits. In September 2011, the Environmental Protection Agency (EPA) 
of Pakistan allowed cement companies to use substituted fuels (specifcally TDF) for the 
production of thermal energy [94]. Instead of landflling and stockpile, transforming waste 
tires into TDF is the most feasible way to reduce greenhouse gas (GHG) emissions [96]. 
Recycling tires decreases GHG emissions in Australia by almost up to 100,000 per year [96]. 
With a large number of waste tires generated annually, the tendency of waste tires 
is not useful in Pakistan, therefore, it is inexpensive as compared to fossil fuels, i.e., coal 
or natural gas [94]. The composition of tires is 88% carbon and oxygen, causing its quick 
combustion in cement kilns and pre-calciners [97]. The current major recycling routes 
for squandering tires energy and material rehabilitation are 20% and 47%, respectively 
and around 47% of squander tires primarily for cement kilns in America are recovered as 
substituted fuels while for Brazil and Mexico the fgure is 47% [98] and 52% [90], respec-
tively, and waste tires are bound for cement kilns. Thus, just 19% is reserved by the United 
States. On the other hand, preference has been given to alternative recycling technologies 
by countries like Indonesia, Thailand, China, and Malaysia, including pyrolysis, allotting 
35%, 30%, 11%, and 10% respectively [90]. 
9. Proposed Strategy 
Alternative fuels have great importance because oil reserves are declining rapidly due 
to increasing energy consumption. This has led to an increase in the value of alternative 
fuels [37]. Fuels currently used in vehicles, such as petrol and diesel are essentially derived 
from crude oil. By using various available technologies, it is also conceivable to produce 
alternative fuels having similar chemical and physical properties like petroleum, gas, coal, 
and different carbonaceous fuels. Example of these fuids includes Fischer–Tropsch diesel, 
a blend of carbon monoxide and hydrogen mainly called alternative fuels; these fuels 
do not need a considerable change from the current design of automobile. Throughout 
the years, industry specialists have proposed various compounds including methanol, 
compressed natural gas (CNG), ethanol, liquefed petroleum gas (LPG), alleged biodiesel, 
and hydrogen as an alternative fuel to achieve the foregoing goals, less dependency on 
petroleum, reduction in air emissions related with ignition items and increment in the fuel 
usage effciency. 
Ethanol and biodiesel are produced by using corn or other renewable agricultural 
items, which reduces dependence on oil, but the cost of these fuels is higher than the 
petroleum-based fuels. The innovation exists today to work autos on CNG and LPG, which 
meet the target of diminishing air emanations related to ignition items. Transports and 
trucks in numerous urban zones of Asia and Europe run on CNG and LPG. The utilization 
of CNG, LPG, and hydrogen (clean-burning gaseous fuels) for private cars, in any case, 
has been moderate. Obstacles to overcome the low energy-storing density, low economy, 
and fundamental building diffculties in adjusting the present internal combustion engine 
to these alternative fuels. Shifting to the gaseous fuels will additionally require another 
framework for fuel stations, which will without a doubt experience more prominent 
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examination in plan, development, and ecological wellbeing, as compared to the existing 
petrol and diesel flling stations [99]. 
As of 2016, the consumption of oil in Pakistan was 556,000 barrels of oil per year (B/d). 
Pakistan is 33rd in the world in terms of consumption of oil, representing approximately 
(0.6%) of the total world consumption of 97,103,871 (B/d). As of 2016, the production 
of oil in Pakistan was around 88,261.73 (B/d) and scored 53rd in the world in terms of 
production of oil. In 2016, Pakistan imported 135,201 barrels per day which is 24% of its oil 
consumption. As of 2016, proven oil reserves in Pakistan were 353,500,000 barrels and they 
rank 52nd in the world in terms of reserves of oil, representing approximately (0.0%), of the 
world’s oil reserves of 1,650,585,140,000 barrels. Pakistan has reserves equal to 1.7 times its 
yearly consumption. This implies, without imports, there would be around 2 years of oil 
left [100]. 
The possibility of tire pyrolysis oil (TPO) should be introduced in Pakistan. Moreover, 
the calculation will be focused on evaluating the amount of feedstock available (waste tires) 
and the annual volume of TPO generated in Pakistan. According to the Pakistan economy 
survey report 2019–2020, the average tire waste from 2015–2019 was about 976,246,114 kg. 
The approximate amount of feedstock available in Pakistan per year for the production of 
TPO is in the range of 889,354,201 to 1,041,971,591 kg. Different categories of vehicle tires 
will cut into various pieces and the bead, steel wires, and fabrics will be removed. The tire 
chips will be washed, dried, and put in a mild steel fxed bed reactor unit. 
A mild steel fxed bed reactor will be used to produce the TPO. In the absence of 
oxygen, the feedstock will be heated externally in the reactor. The pyrolysis reactor will be 
a cylindrical chamber and 2 kW power will be provided for externally heating. The process 
will take place at 450 to 650 ◦C. The heating rate will be kept at 5 K/min and the habitation 
time in the reactor will be 120 min. Vapour products will be transferred in the water-cooled 
condenser and gathered the condensed liquid as fuel. Three products will be acquired: tire 
pyrolysis oil (TPO), pyro gas, and char. To prepare 1 kg tire pyrolysis oil, 1.9 kg feedstock 
will be used. The estimated potential amount of TPO would be between 468,081 to 548,406 
tons, which can be seen in Table 10. 
The production of tire pyrolysis oil is suitable in a developing country like Pakistan 
where there is a need for an alternative of diesel fuel with some low-cost oil as well. The oil 
products can be stored as long as needed and are easily moveable to the desired locations 
for their effcient usage. Waste tire usually has low ash content with high volatility and 
having a greater heating value than that of coal and biomass. Therefore, waste tires can be 
the best source of valuable chemical products and their thermal decomposition makes the 
recovery of useful compounds easy and possible. Pyrolysis oil is used in those industries 
where burning is required like steel industries, rolling mill industries, chemical industries, 
and also used for heating purposes in boilers. Different types of reactors are used to make 
tire pyrolysis oil, some of which are as follows: vacuum, rotary kiln, fxed bed fuidized 
bed, and screw kiln. Their outlets vary at different temperatures and other conditions [37]. 
Gas, fuel oil, carbon black, and scrap steel are very useful outputs of this technology. It does 
not cause pollution so this technology is environmentally friendly. This leads to complete 
recycling of all used tires and no residue left behind. 
There is a need to change primary products into valuable products through the 
pyrolysis process. The success of this technology depends on the market of its products. 
Despite so much research and development, the technology has not been well received in 
some countries. The market is also not sound for one of its products like pyrolytic char. 
Some of its products are considered low grade because of the impurities in them. Waste tire 
oil contains a mixture of organic compounds and refning them can be expensive [101]. It is 
essential for the success and stability of pyrolysis oil that there must be a derived product 
market. Its primary products just like oil, gas, and char, etc., can be refned into valuable 
products through the pyrolysis process. The upgradation of the product will increase its 
market value and economics. The upgradation of the product will increase its market 
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value and economics. This could signifcantly increase the commercial viability of used tire 
pyrolysis [101]. Figure 11 shows the tire pyrolysis oil conversion and product applications. 
Sustainability 2021, 13, x FOR PEER REVIEW 20 of 27 
 
 
industries, and also used for heating purposes in boilers. Different types of reactors are 
used to make tire pyrolysis oil, some of which are as follows: vacuum, rotary kiln, fixed 
bed fluidized bed, and screw kiln. Their outlets vary at different temperatures and other 
conditions [37]. Gas, fuel oil, carbon black, and scrap steel are very useful outputs of this 
technology. It does not cause pollution so this technology is environmentally friendly. 
This leads to complete recycling of all used tires and no residue left behind. 
There is a need to change primary products into valuable products through the py-
rolysis process. The success of this technology depends on the market of its products. De-
spite so much research and development, the technology has not been well received in 
some countries. The market is also not sound for one of its products like pyrolytic char. 
Some of its products are considered low grade because of the impurities in them. Waste 
tire oil contains a mixture of organic compounds and refining them can be expensive [101]. 
It is essential for the success and stability of pyrolysis oil that there must be a derived 
product market. Its primary products just like oil, gas, and char, etc., can be refined into 
valuable products through the pyrolysis process. The upgradation of the product will in-
crease its market value and economics. The upgradation of the product will increase its 
market value and economics. This could significantly increase the commercial viability of 




Figure 11. Tire pyrolysis conversion and product applications [102]. 
10. Policy Implications and Future Directions 
This review spotlights the importance of tire pyrolysis oil. According to a recent 
study, due to the increase in industries and motorization, the demand for petroleum prod-
ucts has increased significantly. As these are non-renewable resources, it would be diffi-
cult to forecast the availability of these resources in the future, resulting in uncertainty in 
its supply and price. This is impacting the growing economies like Pakistan, which is im-
porting 80% of the total demand for petroleum products. Therefore, the pyrolysis of scrap 
tires is being used effectively to produce oil, thereby solving the problem of waste tire 
disposal. Furthermore, tire oil replaces the use of coal or wood, or even tires as burning 
Figure 11. Tire pyrolysis conversion and product applications [102]. 
10. Policy Implications and Future Directions 
This review spotlights the importance of tire pyrolysis oil. According to a recent study, 
due to the increase in industries and motorization, the demand for petroleum products 
has increased signifcantly. As these are non-renewable resources, it would be diffcult to 
forecast the availability of these resources in the future, resulting in uncertainty in its supply 
and price. This is impacting the growing economies like Pakistan, which is importing 
80% of the total demand for petroleum products. Therefore, the pyrolysis of scrap tires is 
being used effectively to produce oil, thereby solving the problem of waste tire disposal. 
Furthermore, tire oil replaces the use of coal or wood, or even tires as burning fuel in small 
industries. This oil is now being widely used by steel re-rolling mills and other industries. 
It is also a health conducive process as better and continuous disposal of tires in Punjab and 
Sindh has reduced breeding grounds of dengue mosquitoes [103]. The Punjab Environment 
Tribunal had already declared pyrolysis as “Green Technology” in pursuance of “Basel 
Convention 2011” in which the government of Pakistan was also a signatory [103]. 
Additionally, the Government of Pakistan has adopted the policy of sustainable 
development, use of natural resources scarcely and to use indigenous coal, biomass in 
power plants to reduce reliance upon imported oil and to get economic benefts for the 
country, according to which the environmental assessment provides a means for promoting 
environmentally sustainable economic development and the use of resources by present 
generations while protecting the interests of future generations, for example avoiding over-
exploitation of renewable resources, minimizing waste, leading to cleaner production [103]. 
• The Basel Convention also considers recycling of scrap tires as a better option than 
their use as tire-derived fuel [103]. 
• The Alternative and Renewable Energy (ARE) Policy is a particular policy. It shows 
that the transport sector uses about 17% of the total energy of the country. A wide-
ranging ARE policy should introduce the substitute section. Long-range vehicles, 
trucks, cars, marine, and aviation must use pyrolysis oil for their transport [104]. 
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• The government should provide loans for the startup of tire pyrolysis oil production 
from waste tires [105]. 
• The Government of Pakistan (GOP) should present short-, mid-, and long-term policies 
with subsequent evaluation and alteration for tire pyrolysis oil [106]. 
• The government should grant expenditure in waste tire industries by utilizing special 
strategies to initiate the tire pyrolysis oil technology in Pakistan [105]. 
• The government should increase the use of tire pyrolysis oil in the country, which is a 
solution to the problem of high prices of imported fuel [107]. 
• Documentation and quality control methods of TPO must be expanded for it conquers 
extension [108]. 
• GOP is determined to pursue the stated policy objectives and strategies with the 
participation and collaboration of the private sector [109]. 
• The Government of Pakistan provides security against “political” risk in a compatible 
way with GOP policies in the further frame and associated projects [109]. 
• GOP assures to purchase several blends of tire pyrolysis oil by oil marketing compa-
nies [110]. 
• Ministry of Petroleum and Natural Resources should guarantee the accessibility and 
reliability to provide tire pyrolysis oil for the advancement of Pakistan [110]. 
• Pakistan has a signifcant ability to manufacture TPO. Therefore, several steps have 
been started by the GOP to expand TPO production. By the initiative of these TPOs, 
industries will help to decrease the requirements of importation to a great level [111]. 
11. SWOT Analysis 
The SWOT analysis for pyrolysis is shown in Table 12 [44] and the SWOT analysis for 
combustion of end life tires is shown in Table 13 [44]. 












Side products benefts (char/tar/bio-oil). 
The plant is modular and has a compact size. 
Disposal to waste through this modern technology is 
inexpensive compared to landfll. 
Energy self-reliance and having high effciency. 
Reductions in air emission. 
Self-suffcient and highly effcient in energy. 
Having marketable products. 
Free of waste (no waste). 
Availability of raw material. 
Incineration plants are less competitive and compact than 









Not a permanent solution for the problems. 
Presence of heavy metals in some compound like slags and 
fy ashes 
Required high operational cost and capital investment. 
Due to new technology, commercially only a few 
applications and a lack of standardization of products. 
Highly effective for large plants having a capacity greater 
than 20,000 t/yr. 
There is no system for the collection of end life tires in 
Pakistan. 












The usage of side products increases. 
Converting waste material into valuable products. 
Energy generates through domestic resources and 
decreases the dependence of the country on imported 
energy. 
Expertise is extensive. 
Extensive and broad expertise for researchers. 
Reuse of waste materials and getting high-value products. 
Fee reduction of producer responsibility (PR) for the 
collection of used and end life tires. 
Minimize recovery. 
National market competition is almost zero. 







Health risk for the operators. 
Product gases have high concentrations of CO. 
Uncertainty of economic condition. 
Markets are not stable and certain about the fnal products. 
Confused and non-effective legislation. 
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Well-developed and effcient technology. 
The raw material is easily available. 
Well-developed energy kilns infrastructure. 






Controlled emission systems are expensive and strict. 
Storage and shredding of waste tires require high 
operational costs and investment. 
Require low-degree vaporization. 
Disposal problems of waste and ash. 
Low effciency for energy. 
• Zero or free waste method is almost not possible. 
Opportunities Threats 
• Waste is turned into fuel. • Price and availability of raw material. 
• Reduced the recovery. • Skepticism from the public. 
• High extensive technology. • Uncertainty and unproven economic conditions. 
• Development of legislation frame. • Strong environmental concerns about emissions. 
12. Conclusions 
In this research, the feedstock and potential production of TPO as well as the scope 
of tire pyrolysis oil in Pakistan were discussed. A mild steel fxed bed reactor is used for 
the pyrolysis of waste tires. Pakistan produces an average feedstock of approximately 
976.25 million kg per year. It is calculated to 889 million kg in 2015–2016 and increase 
to 1042 million kg in 2018–2019. The potential production of TPO obtained in 2015–2016 
was 0.465 million tons and increased to 0.548 million tons in 2018–2019. The production 
of TPO obtained in 2018–2019 after vacuum distillation decreased to 0.45 million tons, 
it was noticed that after vacuum distillation, tire oil becomes purer than crude TPO and its 
properties become similar to diesel fuel. Moreover, some modifcation steps (removal of 
moisture, desulfurization, vacuum distillation) were also tested on TPO and it was noticed 
that it is benefcial for the improvement of TPO properties. The density of distilled TPO 
(0.8355 kg/L) is similar to diesel fuel (0.8200–0.8600 kg/L) as compared to crude TPO 
(0.9563 kg/L). It is concluded that tire pyrolysis is an effective and sustainable method, 
provides neat production that is economically feasible, and the fnest solutions regarding 
waste tire handling and as a replacement for petroleum products. Another signifcant 
remark is that it is proposed that adding biodiesel and some nanoparticles in the TPO-DF 
blend would enhance oxygen wt.% in blends and improve the combustion quality and 
reduce the emissions. Pakistan has not developed systems relating to the recycling of waste 
tires because instead of recycling, waste tires are disposed into landflls and in stockpiles. 
In terms of the future, the management institutions of Pakistan should devote particular 
attention regarding the recycling of waste tires and adopt an appropriate method to the 
collection of waste tires, resulting in massive production of TPO will be possible. The 
suggestion is that distilled TPO is superior comparable to crude TPO and similar to diesel 
fuel and it can be used as an alternative to diesel fuel. 
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Abbreviations 
ARE Alternative and renewable energy 
CY Calendar year 
DF Diesel fuel 
ELTs End life tires 
EPA Environmental protection agency 
FY Fiscal year 
GOP Government of Pakistan 
HCVs Heavy commercial vehicles 
HHV Higher heating value 
JAMS Joint alternative management system 
LCVs Light commercial vehicles 
ML Million litres 
MT Million tons 
n.i Not informed 
OEM Original equipment manufacturer 
PACRA Pakistan credit rating agency limited 
PAMA Pakistan automotive manufacturing association 
POL Petroleum oil and lubricants 
R/P Reserves to production ratio 
RDF Refuse derived fuel 
RM Replacement market 
TDF Tire derived fuel 
TPO Tire pyrolysis oil 
ULTs Total used tires 
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